DISTRIBUTION STATEMENT A. Approved
for public release. Distribution is unlimited.

STINFO COPY

AFRL-SA-WP-SR-2016-0013

Evaluation of Mouse Wound
Models for Probiotics-Based
Wound Infection Prevention

Study

Alex Lentsch, PhD, Rebecca Schuster

June 2016

Air Force Research Laboratory

711" Human Performance Wing

U.S. Air Force School of Aerospace Medicine
Aeromedical Research Department

2510 Fifth St., Bldg. 840

Wright-Patterson AFB, OH 45433-7913



NOTICE AND SIGNATURE PAGE

Using Government drawings, specifications, or other data included in this document for any
purpose other than Government procurement does not in any way obligate the U.S. Government.
The fact that the Government formulated or supplied the drawings, specifications, or other data
does not license the holder or any other person or corporation or convey any rights or permission
to manufacture, use, or sell any patented invention that may relate to them.

Qualified requestors may obtain copies of this report from the Defense Technical Information
Center (DTIC) (http://www.dtic.mil).

AFRL-SA-WP-SR-2016-0013 HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION IN ACCORDANCE WITH ASSIGNED DISTRIBUTION STATEMENT.

IISIGNATURE// IISIGNATURE//
LT COL KRISTINA CREECH DR. RICHARD A. HERSACK
Chief, En Route Care Research Division Chair, Aeromedical Research Department

This report is published in the interest of scientific and technical information exchange, and its
publication does not constitute the Government’s approval or disapproval of its ideas or findings.


http://www.dtic.mil/

REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including
suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite
1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of
information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From — To)
23 Jun 2016 Special Report June 2014 - September 2015
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

FA8650-10-2-6140

Evaluation of Mouse Wound Models for Probiotics-Based Wound Infection Prevention | 5b. GRANT NUMBER
Study FA8650-13-2-6B25

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Alex Lentsch, MD, Rebecca Schuster 13-047
5e. TASK NUMBER
Task 25
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
University of Cincinnati NUMBER

Sponsored Research Services
51 Goodman Drive, Suite 530
Cincinnati, OH 45221-0222

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S ACRONYM(S)
USAF School of Aerospace Medicine
Aeromedical Research Dept/FHE

2510 Fifth St., Bldg. 840 11. SPONSOR/MONITOR'S REPORT
Wright-Patterson AFB, OH 45433-7913 NUMBER(S)

AFRL-SA-WP-SR-2016-0013

12. DISTRIBUTION / AVAILABILITY STATEMENT

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited.

13. SUPPLEMENTARY NOTES
Cleared, 88PA, Case # 2016-4002, 16 Aug 2016.

14. ABSTRACT
Probiotics are live microorganisms that have shown a health benefit when taken in adequate amounts. Typically, these are given as
food supplements and have been shown to play a role in disease remediation, particularly in gastrointestinal conditions such as
inflammatory bowel disease. In the case of a diarrheal infection, probiotics have been thought to assist in reduction of “bad” bacteria
through competition by “good” bacteria. There has been some interest in using these organisms in early wound care to aid in
prevention of infection in both traumatic and surgical settings. We used established methods to produce typical wounds in a
reproducible manner using a murine model. The wound models were challenged with known infection-causing bacteria and then
treated with either probiotic bacteria or a control. However, the primary goal was not to develop a probiotic treatment regime but
rather to develop a murine model that is appropriate for rapid screening of any experimental wound treatment and is also suitable for
determination of parameters of that treatment. We attempted to create four wounding models: (1) simple full thickness skin incision,
(2) stitched skin flap, (3) burn (with liquid nitrogen), and (4) skin incision with circulatory disruption. Of the four wound models
attempted, only two were completely reproducible (models 1 and 2). Model 4, producing the circulatory disruption by tourniquet, is
easily reproducible, but creating a punch on the extremity of the mouse was not reproducible. This model was not pursued, as it could
not be consistently reproduced using mice. It is advised that if this model is of interest, a larger species, such as rats, should be used.
The punch and skin flap models are reproducible murine models for wounding and infection. The use of probiotic (Lactobacillus
reuteri) had limited efficacy in reducing Pseudomonas aeruginosa. Probiotic reduced Pseudomonas aeruginosa infection in model 1
but not model 2. Probiotic had no beneficial effect in limiting Streptococcus pyogenes infection.

15. SUBJECT TERMS
Infection, antibiotics, probiotics, wounds, murine wound model, simple full thickness skin incision, stitched skin flap, murine burn
model, murine skin incision with circulatory disruption, Pseudomonas aeruginosa, Streptococcus pyogenes

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES Alex Lentsch’ MD
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
U U U SAR 15 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18




This page intentionally left blank.



TABLE OF CONTENTS

Section Page
LIST OF FIGURES ..ottt bbbttt bbbttt ii
1.0 SUMMARY ..ottt bbb bbbt b bbbttt n e 1
2.0  INTRODUCTION ..oiiiiiieiiii ettt e et e e snb e e e snb e e e snbaeassaeeasaeeannes 1
3.0  MATERIALS AND METHODS. ..ottt 2
Bl ANIMAIS bbb bbbt 2
3.2 BaCterial GrOWEN .......oouiiiee e 2
3.3 WOUND MOGEIS ..ottt 2
3.3.1  Simple Full Thickness Injury (“Punch”) Model ..........c.cccooeiiiinieince e, 2
3.3.2  Stitched SKin Flap MOGEL.........cooi it e 3
3.3.3  Cryo BUN MOGEL ..ot 3
3.3.4  Extremity INJUry MOGEI ........coveeeeieceee e 3

3.4 BaCterial GrOWEN .......ooiiie e 3
3.5 DAt COIBCTION. ... .ccuiiiiiiiiiieee e bbbt 4
4.0 RESULTS oottt bbbttt bbbt bbb e s 4
4.1 MOdel DEVEIOPMENT.......ceiiiiiieie ettt nae e 4
4.2  Bacterial Infection of Wound Models and Effects of Probiotic Application................... 5
4.3 Simple Full Thickness Injury (“Punch™) Model ...........coeoviiiiieieceeee e, 5
4.4  Stitched Skin Flap Injury (“SKin FIap™) MOdel ........ccoeiieiiiiiiiieeeee e, 6
45  Cry0 BUN IMOEI ..ot e nne e 7
5.0 CONCLUSIONS. ... .ottt bbbttt bbb b ettt e e st et e e e 8
6.0  REFERENCES ... .ottt e e et e e e ta e e s nta e e nes 8
LIST OF ABBREVIATIONS AND ACRONYMS ......ooiiiiiiiiiiisieeie e 9

i

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited. Cleared, 88PA, Case # 2016-4002, 16 Aug 2016.



LIST OF FIGURES

Page
Figure 1. Colonization of the wound site With probiotiC .........cccccveiiiiieieiiese e 5
Figure 2. Simple full thickness injury (“punch™) model............cccoooiiiiiiiii 6
Figure 3. Stitched skin flap injury (“skin flap™) model ..........cccoov i, 7

DISTRIBUTION STATEMENT A. Approved for public release. Distribution is unlimited. Cleared, 88PA, Case # 2016-4002, 16 Aug 2016.



1.0 SUMMARY

Despite the wide use of antibiotics in trauma care, infection remains a common
complication and represents a serious source of morbidity and mortality. Infection rates for field
injuries can vary widely due to environmental conditions at the time of injury and the type of
injury. Often, extremity injuries have impaired vascularization that can further reduce the natural
defenses against infection. Poorly vascularized injuries, under suboptimal environmental
conditions, can be further impacted by delays in treatment due to transit time to a point of
primary care. New treatments that can improve patient care in these situations would be highly
desirable. The objectives of this study were to (1) establish reproducible, small animal models of
infectious wounds and (2) assess if probiotics represent an effective therapy for infected wounds.
Four wound models—simple full thickness injury (*punch”) model, stitched skin flap model,
cryo burn model, and extremity injury model—were inoculated with Pseudomonas aeruginosa,
Streptococcus pyogenes, Lactobacillus reuteri, or a combination. After 48 hours the mice were
sacrificed and biopsies were collected for analysis. All wound biopsies were evaluated for
bacterial load using a manual counting method and reported as colony-forming units per gram
tissue. Both the punch and skin flap models are viable, reproducible mouse models of infection.
The cryo burn and skin incision with circulatory disruption models were not reproducible.
Application of probiotic (L. reuteri) had some limited efficacy in reducing P. aeruginosa.
Probiotic significantly reduced P. aeruginosa infection in the punch model but not the skin flap
model. Probiotic had no beneficial effect in limiting S. pyogenes infection in either model.

2.0 INTRODUCTION

Probiotics are live microorganisms that literature has shown can confer a health benefit
when taken in adequate amounts [1-3]. Typically, these are given as food supplements and have
been shown to play a role in disease remediation, particularly in gastrointestinal conditions such
as inflammatory bowel disease. In the case of a diarrheal infection, probiotics have been thought
to assist in reduction of “bad” bacteria through competition by “good” bacteria. Recently, there
has been some interest in using these organisms in early wound care to aid in prevention of
infection in both traumatic and surgical settings. Such a product could be lyophilized and
incorporated into a field trauma kit.

However, to properly assess if probiotics can be used in this manner, it is critical to
evaluate them in an appropriate animal model. The model should be low cost, yet closely
approximate the early wound as it may be experienced by the warfighter. To this end, the
objective of this study was to evaluate the ability of probiotics to limit and/or reduce bacterial
infection in different models of wounds, from simple dermal wounds to more complex wounds
[4-7].

The University of Cincinnati was contracted to conduct this study with two specific
objectives: (1) to establish reproducible, small animal models of infectious wounds and (2) to
assess if probiotics represent an effective therapy for infected wounds.
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3.0 MATERIALS AND METHODS
3.1 Animals

This study was approved by the Institutional Animal Care and Use Committee at the
University of Cincinnati. All research was conducted in compliance with applicable federal laws
and regulations relating to animals used in experimentation. The facility where this research was
conducted is fully accredited by the Association for Assessment and Accreditation of Laboratory
Animal Care.

CF1 (6-week; male) mice were acquired through The Jackson Laboratory (Bar Harbor,
ME). The CF1 mouse, an albino outbred mouse strain, serves as a general multipurpose model
for research. The mice were received from the same supplier, acclimated, randomly separated
into their respective groups, and then placed into individual cages 1 day before the study for
further acclimation.

3.2 Bacterial Growth

Pseudomonas aeruginosa SBI-N (gift from Shriner’s Hospital, Cincinnati, OH) was
grown in trypticase soy broth (BD, Franklin Lakes, NJ) for 15-18 hours at 37°C in an incubator
with constant shaking at 200 RPM. The bacteria were spun down at 3000 g and resuspended in
2.5 mL Dulbecco’s phosphate-buffered saline (DPBS), and a 20% transmittance sample was
made in DPBS using a Spectronic 20D+ (Milton Roy). Seven 1:10 dilution samples were made,
and 100 pL of each was plated on trypticase soy agar plates (BD) and allowed to grow overnight
in a 37°C incubator with 5% carbon dioxide (CO2). Colonies were counted (in colony-forming
units, CFU) the next day and concentrations calculated.

Streptococcus pyogenes (ATCC 19615, American Type Culture Collection, Manassas,
VA) was grown in trypticase soy broth (BD) for 15-18 hours at 37°C in an incubator with 5%
CO2 and no shaking. The bacteria were spun down at 3000 g and resuspended in 2.5 mL DPBS,
and a 20% transmittance sample was made in DPBS using a Spectronic 20D (Milton Roy).
Seven 1:10 dilution samples were made, and 100 pL of each was plated on trypticase soy agar
plates (BD) and allowed to grow overnight in a 37°C incubator with 5% CO,. Colonies were
counted (in CFU) the next day and concentrations calculated.

Lactobacillus reuteri MM4-1A (ATCC PTA-6475) was grown in lactobacilli MRS broth
(BD) for 15-18 hours at 37°C in an incubator with 5% CO and no shaking. The bacteria were
spun down at 3000 g and resuspended in 2.5 mL DPBS, and a 20% transmittance sample was
made in DPBS using a Spectronic 20D (Milton Roy). Seven 1:10 dilution samples were made,
and 100 pL of each was plated on lactobacilli MRS agar plates (BD) and allowed to grow
overnight in a 37°C incubator with 5% CO>. Colonies were counted (in CFU) the next day and
concentrations calculated.

3.3 Wound Models
3.3.1 Simple Full Thickness Injury (“Punch’”) Model. The day before surgery, mice were
placed under isofluorane and the hair from the dorsal side of the mouse was shaved with a

clipper and completely removed using a depilatory cream for 3 minutes. The mice were placed in
individual cages and allowed to acclimate overnight. On the day of surgery, mice were placed
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under anesthesia using an intraperitoneal ketamine/xylazine mixture. The dorsal skin was
disinfected using a betadine scrub followed by a 70% ethanol rinse, two times, and allowed to air
dry. The mouse was placed on its side on a sterile sheet. The dorsal skin of the chest from the
midline was pulled up with fingers, and a 6-mm-diameter sterile biopsy punch was used through
the folded skin (both layers) to create two symmetrical full thickness excisional wounds beside
the midline. The wounds were inoculated with 1 x 10° CFU P. aeruginosa, 5 x 10° CFU

S. pyogenes, 5 x 10° CFU L. reuteri, or a combination of bacteria with the probiotic in a 25-uL
sample. Control mice underwent the same wounding procedure, but sterile DPBS was used
instead of bacteria. The wounds were covered with a sterile N-Terface membrane and the dorsal
skin was protected using a Tegaderm dressing. The mice were allowed to recover and sacrificed
after 48 hours, and samples were obtained to determine bacterial load.

3.3.2 Stitched Skin Flap Model. The mice were prepped as in the simple full thickness model,
but after the punch the skin was lifted on the sides of the punch to produce raised flaps. The
wounds were inoculated relaxed but not with the flap open using the same conditions as before.
Before the wounds were dressed, two retaining stitches were placed on the sides of the punch to
maintain flap closure. Mice were sacrificed after 48 hours and samples were obtained to
determine bacterial load.

3.3.3 Cryo Burn Model. The mice were prepped as in the previous two models and a mild
freezing injury was produced using a Wartner cryogenic wart removal pen (Medtech Products,
Irvington, NYY). The dorsal skin was exposed to the pen two times for 15 seconds on each side of
the midline. The wounds were allowed to return to room temperature and inoculated using the
same conditions as above. The wounds were dressed as before, the mice were sacrificed after

48 hours, and samples were obtained to determine bacterial load. This injury did not produce a
sufficient enough wound to make it a viable model.

3.3.4 Extremity Injury Model. The day before surgery, mice were placed under isofluorane and
the hair from the hind quarters of the mouse was shaved with a clipper and completely removed
using a depilatory cream for 3 minutes. The mice were placed in individual cages and allowed to
acclimate overnight. On the day of surgery, mice were placed under anesthesia using an
intraperitoneal ketamine/xylazine mixture.

A tourniquet (small braces rubber band) was placed around the upper portion of the hind
quarter and a 3-mm sterile biopsy punch was used to create a wound below the tourniquet. The
wound was inoculated as before and dressed while the tourniquet remained on the hind quarter.
After 2 hours the dressing was removed and the rubber band was cut. New sterile dressings were
applied, the mice were sacrificed after 48 hours, and samples were obtained to determine
bacterial load. This model was not ideal, as the punch consistently went through the muscle
layer, producing a more severe wound.

3.4 Bacterial Growth
After 48 hours, the mice were sacrificed using COz gas and the dressings were removed.
Photographs were taken of the wounds and biopsies were collected for analysis. Entire wounds

were excised from the mouse, including 2 mm of surrounding tissue, weighed, and placed in
either sterile DPBS for bacterial counts or in 10% neutral buffered formalin for histological
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analysis (R = histology, L = counts). After all the samples were collected, the wounds were
homogenized (Kinematica Polytron, Bohemia, NY) in a 50-mL conical tube containing 2 mL
sterile DPBS for 1 minute. The homogenate was filtered through a 70-um cell strainer (BD) that
was rinsed with 5 mL DPBS. The samples were centrifuged at 3000 g for 10 minutes and room
temperature and resuspended in 2 mL DPBS. A 1:10 dilution was made, and 100 pL was plated
on the appropriate plate for culture per bacterial strain. A MacConkey agar plate was inoculated
in addition to the bacterial strain plates to measure naturally occurring bacteria in the wounds.
The plates were placed in a 37°C incubator with 5% CO> overnight, and the CFU colonies were
manually counted and concentrations calculated per gram tissue.

3.5 Data Collection

All wound biopsies were evaluated for bacterial load using a manual counting method
and reported as CFU/g tissue. Routine hematoxylin and eosin slides were stained and images
were acquired using a 10x objective on a ZEISS Axio Imager M2 microscope and an Axiocam
1Cc5 color camera using ZEISS Zen Pro 2012 software (ZEISS, Jena, Germany). A modified
Brown-Hopps stain was also performed to stain for Gram-negative and Gram-positive bacteria
and was imaged as stated above.

4.0 RESULTS
4.1 Model Development

These wound models consisted of (1) simple full thickness skin incision, (2) stitched
skin flap, (3) burn (with liquid nitrogen), and (4) skin incision with circulatory disruption
[2,4,8,9].

We initially focused on the simple skin and stitched flap wounds, as these were the most
straightforward and relevant models proposed. An initial challenge was the high level of
naturally occurring bacteria on the mouse skin. These bacteria prevented accurate assessment of
the growth of seeded bacteria. To overcome this problem, we used skin scrubs, which greatly
reduced, but did not eliminate, the level of endogenous bacteria. However, the scrubs did reduce
the amount of endogenous bacterial to a level that did not interfere with the experimental design.

The burn model using liquid nitrogen-cooled rod did not produce a full thickness burn.
We then tried several alternative approaches, including placing the mouse in a mold modeled
after our scald burn and then placing the exposed dorsal skin of the mouse on a liquid nitrogen-
cooled metal block. This produced a better burn than the glass rod, but the skin stuck to the metal
block, which introduced unacceptable variability to the wound. We next tried placing the
exposed dorsal skin of the mouse directly into liquid nitrogen. This produced a severe burn, but
the skin stuck to the sides of the plastic mold. Next, we produced a burn using a Wartner
cryogenic applicator pen. The cooled applicator tip was held on for 20 seconds times two
applications. This method is easier to control and no molds are needed. The burn is not full
thickness but could be if applied three to four times in the same area. This could be an expensive
route, however, because the Wartner pen Kits are expensive and are only usable for a limited
number of mice.

The production of the circulatory disruption by tourniquet was easily accomplished,
however, creating a punch on the extremity was not reproducible. Applying a punch only on the
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skin, and not through the muscle, is not an easy task, as the surface area is very small and there is
not a lot of give in the skin itself, like the back provides. This model was not pursued, as it could
not be consistently reproduced using mice. It is advised that if this model is of interest, a larger
species, such as rats, should be used.

4.2 Bacterial Infection of Wound Models and Effects of Probiotic Application

After developing the model systems, we needed to determine if the probiotic would
colonize a wound. To test this, we used the simple full thickness injury model (the “punch”
model). As the data in Figure 1 demonstrate, we were able to colonize the wound site with the
probiotic.

L. reuteri

1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04

Colony Forming Units/g Tissue

1.0E+03 .
Punch + DPBS Punch + Probiotic

Figure 1. Colonization of the wound site with probiotic.

We next evaluated each model system for its ability to provide an adequate bed for
infection of seeded P. aeruginosa or S. pyogenes. Once we found the appropriate amount of
each of these bacteria to seed the wounds, we tested the ability of probiotic (L. reuteri) to limit or
reduce bacterial infection.

4.3 Simple Full Thickness Injury (“Punch’) Model
In the punch model, we effectively established bacterial infection with both

P. aeruginosa and S. pyogenes. The addition of probiotic significantly reduced Pseudomonas
infection (p=0.004) but not Streptococcus infection (p=0.337) (Figure 2).
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Figure 2. Simple full thickness injury (“punch’) model.
4.4  Stitched Skin Flap Injury (“Skin Flap™) Model
In the skin flap model, we effectively established bacterial infection with both

P. aeruginosa and S. pyogenes. The addition of probiotic had no significant effect on
Pseudomonas (p=0.087) or Streptococcus (p=0.120) infections (Figure 3).
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Figure 3. Stitched skin flap injury (“skin flap””) model.

4.5 Cryo Burn Model

As indicated in section 4.1 above, developing a full thickness burn was problematic.
Despite this, we assessed the ability of bacteria to seed these injury sites. Unfortunately, we
were unable to establish bacterial growth using this model. No data on bacterial growth are
provided, as we were not able to measure any bacterial growth in this model.
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5.0 CONCLUSIONS

Both the punch and skin flap models are viable, reproducible mouse models of infection.
The cryo burn and skin incision with circulatory disruption models were not reproducible. We
were able to create a wound induced by cryo burn, but the wound was not full thickness and
could not be effectively seeded with bacteria to create an infection. We were unable to
reproducibly produce a wound of skin incision with circulatory disruption, primarily because of
the size of the animal and the lack of available surface area to create the wounds. Application of
probiotic (Lactobacillus reuteri) had some limited efficacy in reducing Pseudomonas
aeruginosa. Probiotic significantly reduced Pseudomonas aeruginosa infection in the punch
model but not the skin flap model. Probiotic had no beneficial effect in limiting Streptococcus
pyogenes infection in either model.
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LIST OF ABBREVIATIONS AND ACRONYMS

ATCC American Type Culture Collection

CFU colony-forming unit

CO2 carbon dioxide

DPBS Dulbecco’s phosphate-buffered saline
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